ABSTRACT -The objective of this study was to determine the genetic variation in milk production, milk components, and reproductive traits in dairy buffaloes. A total of 9,318 lactation records from 3,061 cows were used to estimate the heritability of milk yield (MY), fat percentage (%F), protein percentage (%P), lactation length (LL), calving interval (CI), and age at first calving (AFC), as well as genetic and phenotypic correlations between these traits. Covariance components were estimated by Bayesian inference in a multitrait animal model using the GIBBS2F90 program. Contemporary groups and number of milkings (1 or 2) were included as fixed effects, age of dam at calving (linear and quadratic effects) as a covariate, and additive genetic, permanent environmental, and residual effects as random effects. The heritability estimates (± standard deviation) were 0.24 ± 0.02, 0.34 ± 0.05, 0.40 ± 0.05, 0.09 ± 0.01, 0.05 ± 0.01, and 0.16 ± 0.04 for MY, %F, %P, LL, CI, and AFC, respectively. The genetic correlations between MY and %F, %P, LL, CI, and AFC were -0.29, -0.18, 0.66, 0.08, and 0.24, respectively. Milk production and milk components showed sufficient genetic variation to obtain genetic gains through selection. The genetic correlations between MY and milk components were negative, and thus, undesirable because efforts to increase MY may decrease milk quality. Reproductive traits had little genetic influence, indicating that improvement of management would be sufficient to obtain better performance.
INTRODUCTION
The adaptability of buffaloes (Bubalus bubalis) to a variety of environmental conditions has led to substantial growth of the Brazilian herd. There were 1,261,922 buffaloes in Brazil in 2011, and the herd experienced a growth rate of 7.8% between 2010 and 2011, exceeding the 1.6% growth rate of the cattle herd (IBGE, 2012) . The high growth rate may be associated with the increase in consumer demand for buffalo products, particularly mozzarella cheese, which is widely used in cooking because of its flavor and other organoleptic qualities.
Like milk production, reproduction is a physiological event that influences the profitability of dairy farming (LOPES et al., 2008) . According to Cassiano et al. (2004) , the importance of the study of reproductive traits in breeding programs lies in the relationship between these traits and rates of annual genetic gain.
Understanding the production potential of animals is essential to improving production levels. These data permit livestock managers to make necessary adjustments in animal management, as well as estimate genetic parameters for milk production and reproduction traits, which are important in the development of appropriate breeding programs.
Estimating heritability allows for the prediction of the outcome of selective breeding. Moderate heritabilities for milk yield (MY), ranging from 0.20 to 0.25, have been reported for buffaloes (MALHADO et al., 2007; ASPILCUETA-BORQUIS et al., 2010; RODRIGUES et al., 2010; SENO et al., 2010) . These results suggest there is sufficient additive genetic variation to respond to selective breeding. However, the low heritabilities obtained for reproductive traits in buffaloes indicate that much of the variation is caused by environmental differences between individuals. In this case, improvement of animal management is necessary to alter the traits.
The genetic correlation between two traits is indicative of the probability that the same genes influence the expression of both traits. Therefore, highly positive genetic correlation indicates that selection for one trait may result in a genetic gain in the other. In a study on Italian buffaloes, Rosati and Van Vleck (2002) observed a genetic correlation of 0.31 between the percentage of fat and protein in milk. However, the correlation between MY and the percentage of fat and protein was -0.08 and -0.12, respectively, demonstrating the difficulty in performing simultaneous selection for MY and milk components. In cases where selection for antagonistic traits is required, it is possible to use a selection index that applies an appropriate weight to all traits. However, the response to selection will be smaller than that of selection for only one of the traits.
The objective of the present study was to determine the genetic variation in the production and quality of buffalo milk and reproductive traits, in order to include genetically modifiable traits in selection programs designed to improve population performance.
MATERIAL AND METHODS
Milk yield records from 3,061 crossbred Murrah buffalo cows born between 1986 and 2009 were used in this study. The animals belonged to five herds, four of which were from the state of São Paulo, while the other was from the state of Rio Grande do Norte. Lactation was truncated at 305 days because lactation lasted longer than this period in only 12% of the females. Milk yields were obtained beginning with day 5 of lactation and yields were measured until day 45 after calving. The following traits were analyzed: milk yield (MY), mean percentage of fat (%F) and protein (%P), lactation length (LL), calving interval (CI), and age at first calving (AFC).
Lactation lasting less than 90 days, AFC > 60 months, and CI > 650 days were excluded from the dataset. Cows with AFC ranging from 2 to 8 years were included. Two calving and birth seasons were defined in the Rio Grande do Norte herd-the rainy season from April to September and the dry season from October to March. Meanwhile, the rainy and dry seasons for the São Paulo herd were from October to March and from April to September, respectively. Contemporary groups for AFC were formed by herd, year of birth, and season of birth, whereas they were formed by herd, and year and season of calving for MY, fat percentage, protein percentage, LL, and CI. Contemporary groups with fewer than three animals were excluded from the analysis. A pedigree file containing 8,664 animals in the relationship matrix was used. The general data structure is shown in Table 1 . Covariance components were estimated by Bayesian inference in the multitrait analysis using the program GIBBS2F90 (MISZTAL, 2007) . The analysis model included the contemporary groups and number of milkings (1 or 2) as fixed effects, age of dam at calving (linear and quadratic effects) as a covariates, and additive genetic, permanent environmental, and residual effects as random effects. The animal model can be written in matrix form as:
where y is the vector of the trait observed; X is the incidence matrix of fixed effects; β is the vector of fixed effects (contemporary group, number of milkings, and age of dam at calving); Z is the incidence matrix of random additive genetic effects; a is the vector of random additive genetic effects; W is the incidence matrix of the random permanent environmental effect; p is the vector of the random permanent environmental effect, and e is the vector of residual random effects. A uniform a priori distribution (β) was defined for fixed effects. Gaussian and inverse Wishart distributions were adopted for random effects and covariance components, respectively.
where A, G, P, R, and I n are the matrices of relationships, covariances of additive genetic, permanent environmental, and residual effects, and identity, respectively; is the Kronecker product, and S g , v p , S p , v p , S r , and v r are a priori values and degrees of freedom of additive genetic, permanent environmental, and residual covariances, respectively. One million samples were generated in the analysis, with a burn-in period of 100,000 cycles and with samples taken every 100 cycles. Convergence was confirmed by visual inspection and with the Gibbanal program.
RESULTS AND DISCUSSION
Visual inspection and the results of the Gibbanal program demonstrated convergence for all parameters estimated by the model. Thus, the burn-in period was sufficient to reach convergence for parameter estimation. The effective size of the samples ranged from 489 to 42,555. These sample sizes were sufficient to estimate measures of central tendency and the highest posterior density intervals for each parameter. The number of samples discarded during the burn-in period and serial correlation among Markov chain samples are the  main features of Bayesian analysis (RESENDE et al., 2001) . In general, the burn-in period and serial correlations increase with increasing number of estimated parameters, reducing the effective size of the samples.
The heritability for MY was moderate (Table  2) , suggesting sufficient additive genetic variation to respond to selection. Similar results have been reported in studies conducted in Brazil, with estimates ranging from 0.20 to 0.25 (TONHATI et al., 2000a; MALHADO et al., 2007; RODRIGUES et al., 2010; SENO et al., 2010; ASPILCUETA-BORQUIS et al., 2012) . In contrast, Rosati and Van Vleck (2002) , studying an Italian buffalo population, estimated a heritability of 0.14 for MY. These differences are probably caused by differences in locations, as well as genetic differences among herds.
The heritabilities for fat and protein percentages were moderate ( Table 2 ), indicating that these two traits should respond well to selection. Moderate values for environmental variance were expected because of differences in the management of the herds studied, in addition to the fact that the herds were not being selectively bred. AspilcuetaBorquis et al. (2010) obtained similar heritabilities for fat and protein percentages (0.32 and 0.39, respectively), whereas lower heritability estimates were reported by Tonhati et al. (2000a) and Rosati and Van Vleck (2002) . The estimated heritability for LL (Table 3 ) was similar to that reported by Aziz et al. (2001) , Malhado et al. (2009) , and Rodrigues et al. (2010) , which ranged from 0.08 to 0.09. The low heritability for LL indicates that this trait is influenced mainly by non-genetic factors and performance can be improved by adequate herd management.
The heritability for CI (Table 3 ) was low, indicating that better management and feeding procedures could be more efficient than selective breeding. This agrees with estimates reported in Brazil and Egypt (0.00 to 0.07) (AZIZ et al., 2001; CASSIANO et al., 2004; RAMOS et al., 2006; MALHADO et al., 2009 ). The heritability for AFC (Table 3) indicates that this trait may respond reasonably well to selective breeding because it is a reproductive trait. A lower AFC is important because females that begin their reproductive life early can reduce production costs by increasing herd productivity. A lower estimate of 0.07 was obtained by Seno et al. (2010) . In contrast, higher estimates of 0.20, 0.24, and 0.41 were reported by Tonhati et al. (2000b) , Cassiano et al. (2004) , and Malhado et al. (2009) , respectively. However, this trait is strongly influenced by the reproductive management of the herd. During implantation, it is necessary to synchronize the mounting of cows and this procedure may alter the true capacity of the animals to present early estrus.
Rev. Caatinga, Mossoró, v. 29, n. 1, p. 216 -221, jan. -mar., 2016 219 The genetic correlations between MY and fat and protein percentage (Table 4 ) agree with those previously reported (TONHATI et al., 2000a; ROSATI and VAN VLECK, 2002) . These results indicate that selection to increase MY may result in a decrease in the percentage of milk fat and protein.
The genetic correlation between the percentage of fat and protein was moderate and positive (Table 4) . As a consequence, direct selection for one trait could result in correlated genetic gains in the other. The genetic correlation observed agrees with estimates reported by Tonhati et al. (2000a) , Rosati and Van Vleck (2002) (Table 4) . A similar genetic correlation (0.89) between these two traits was reported by Malhado et al. (2009) . In this case, direct selection for increased MY may result in an increase in LL. The genetic correlation between MY and CI was almost zero (Table 4 ), in agreement with Tonhati et al. (2000b) . This indicates that selection for the two traits is independent. It is therefore possible to select for an increase in MY without interfering with the CI of the herd. Ramos et al. (2006) and Malhado et al. (2009) reported genetic correlations of -0.22 and -0.25, respectively, between these traits. These estimates suggest that selection for MY will result in genetic gains in CI. The genetic correlation between MY and AFC (Table 4) indicates that selection to increase MY may increase AFC. This effect is undesired owing to losses incurred because of older age of cows at first calving. Tonhati et al. (2000b) reported a genetic correlation of 0.63 between MY and AFC. In contrast, Malhado et al. (2009) found a genetic correlation of -0.02 between these traits.
A high positive genetic correlation was observed between LL and CI (Table 4), indicating that an increase in LL may also select for a longer CI. On the other hand, Tonhati et al. (2000b) and Aziz et al. (2001) found low genetic correlations between these traits (-0.20 and 0.09, respectively) . The genetic correlation between LL and AFC was moderate (Table 4 ). This finding suggests that selection to reduce AFC of buffaloes is likely to result in negative alterations in LL, which must to be monitored.
The genetic correlation (0.28) between CI and AFC (Table 4) indicates that selection to reduce AFC may also reduce CI. Therefore, direct selection for either of these traits may result in genetic gains in both. However, Cassiano et al. (2004) observed negative genetic correlations between these two traits in Carabao and Mediterranean buffaloes and a correlation of zero in the Murrah breed, whereas a genetic correlation of 1 was estimated for Jafarabadi buffaloes. The authors highlighted the need to evaluate each breed separately given the variability among breeds.
The phenotypic correlations between MY and milk components were moderate and negative (Table  4) , a finding confirming that selection for increased MY will have a negative effect on the percentage of fat and protein in milk. Tonhati et al. (2000a) reported much lower phenotypic correlations between MY and the percentage of fat and protein (-0.62 and -0.59, respectively) . The phenotypic correlation between MY and LL was similar to the estimate of 0.57 reported by Malhado et al. (2009) , suggesting that an increase in MY may extend lactation. The phenotypic correlations between the other traits analyzed were close to zero, and thus, increases or decreases in these traits occur independently.
CONCLUSIONS
Milk yield and milk components (percentage of fat and protein) presented sufficient genetic variation to provide genetic gains in selection programs. However, selection to increase MY may reduce the percentage of fat and protein in milk, a fact impairing simultaneous selection for the two traits. Lactation length, CI, and AFC are mainly influenced by non-genetic factors, suggesting that improvement of management conditions may be sufficient to improve performance in these traits.
